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Figure 8.13: Rapidity distribution of leptons coming from charmed mesons in nuclear DIS
processes at different beam energies, requiring Q2 >1GeV2.

be found in [192]. The most direct experimental support for the presence of nonlin-
ear evolution in the scattering of hadrons at very high energies is provided by HERA
electron/positron-proton DIS measurements. The observed geometric scaling in the in-
clusive DIS measurements at HERA [294] and similar behavior in diffractive data [247]
are naturally described in the context of saturation models [294].

The resolution scale at which saturation effects in DIS are expected to become dominant
is referred to as the saturation scale, Qs. When Q2 ∼ Q2

s , linear leading-twist evolution
of structure functions is expected to break down. In fact, geometric scaling in saturation
models is explicitly tied to the presence of a dimensionful scale such as Qs whose x de-
pendence controls the x dependence of the physics.

We note that there are alternative explanations for geometric scaling [149] that do not
require the nonlinear effects of saturation, although they do not exclude it at low x. In-
deed, recent attempts to understand the evolution of HERA F2 data to low Q2 and low
x indicate deviations from DGLAP evolution [150] that may either indicate the need for
resummation of large logarithms at low x or indicate the presence of nonlinear evolution
[151]. Thus, while potentially more sensitive probes of the gluon density and saturation
exist, a detailed study of the evolution of DIS to Q2 values large enough compared to
Λ2

QCD for the physics to be perturbative but small enough to be at or below Q2
s provides

sensitivity to saturation physics.

Nevertheless, it can be argued that the best way to test for the presence of nonlinear
evolution in DIS is to fix the kinematics and increase the gluon density being probed by
(e.g.) a virtual photon. The simplest way to to achieve such an increase is to use a nu-
clear “target”where at high energies the virtual photon (e.g.) interacts coherently with
the entire thickness of the nucleus, and thus, “sees” an increased gluon density. Ideally,
departure from proportional growth of nuclear structure functions with A might, then,
indicate the presence of saturation effects. Unfortunately, even at leading twist, “nuclear
shadowing,” seen in Figure 8.11, will modify the nuclear parton distributions producing
an effect similar to that expected from saturation, namely a reduction in the nuclear pdf
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